Goldstone mode kink-solitons in double layer quantum Hall systems 
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It is shown that in charge unbalanced double layer quantum Hall system with zero tunneling 
pseudospin Goldstone mode excitations form moving kink-soliton in weakly nonlinear limit. This 
charge-density localization moves with a velocity of gapless linear spin-wave mode and could be easily 
observed experimentally. We claim that mentioned Goldstone mode kink-solitons define diffusionless 
charge transport properties in double layer quantum Hall systems. 

PACS numbers: 73.43.Lp 



The recent observation jjj of split-off peaks of tunnel- 
ing conductance versus in-plane magnetic field in dou- 
ble layer quantum Hall systems with total Landau level 
filling factor v = 1 have been naturally interpreted as 
"footsteps" of linearly dispersing pseudospin Goldstone 
mode [^|. Thus the correctness and efficiency of field- 
theoretical approach according which the quantum Hall 
double layer system could be described as easy-plane 
type (pseudo)ferromagnet H was indirectly confirmed. 
The Goldstone mode appears in systems with continuous 
symmetries as a result of spontaneous symmetry breaking 
which in presence of nonlinearity leads to the appearance 
of Goldstone mode kink-solitons B . The present paper is 
devoted to the investigation of dynamical nonlinear prop- 
erties of the mentioned Goldstone mode in quantum Hall 
(pseudo)ferromagnets Particularly, the existence of mov- 
ing localized solutions is predicted. As it is mentioned 
below such localizations could be detected experimen- 
tally via observing counter propagating inhomogeneous 
currents through the layers (see Fig. |l|). 

The phcnomelogical model for isolated double layer 
quantum Hall (pseudo)ferromagnet in the absence of tun- 
neling is effectively described by the following Hamilto- 
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FIG. 1: Conditions for appearance of linear (upper graph) 
and nonlinear (lower panel) pseudospin Goldstone mode ex- 
citations. In unbalanced situation when the filling factors 
are different from each other the nonlinear solution could 
be detected as counter propagating inhomogeneous currents 
through the layers. 
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where m(x, t) is an order parameter unit vector, partic- 
ularly, n z (x, t) has a meaning of local charge imbalance 
between the layers n z = v\ — vi where v\ and v% are fill- 
ing factors for top and bottom layers, respectively (thus 
in fully balanced situation v\ — V2 — 1/2); pa and pe 
are out of plane and in-plane pseudospin stiffnesses and 
(3 gives a hard axis anisotropy. 

The time-space behavior of ordering vector could be 
described in terms of Landau-Lifshitz equation: 
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where H e ff is the effective (pseudo)magnetic field. Then 
from (0) one can write down the motion equations ex- 



plicitly as 
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where the following definition is used =n I ± in y . 

The set of equations (||) permits the uniform solution 
in the form: 
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Preparing initially the sample with a given charge im- 
balance nP z = v\ — this quantity will stay unchanged 
for infinitely long time period as far as the isolated dou- 
ble layer systems are considered and tunneling does not 
exist. 
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Let us seek for the solution of (||) as a perturbation of 
uniform solution (^): 

n+ = e 4l/3n "*« + m+); n z = n° z + m z . (5) 

According to the general approach p] we present m(x, t) 
in the form of multiple scale expansion: 
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where £ and r are the slow space-time variables, v is a 
propagation velocity of nonlinear wave and e is a formal 
small parameter indicating the smallness or " slowness" of 
the variable before which it appears. Considering weakly 
nonlinear limit (pcrturbative solution) we have a follow- 
ing restriction (m) 2 <C 1. 

Building the perturbative solution we substitute Exps. 
(||) and (^|) into the motion equation (|3|) collecting the 
terms of the same order over s. Using the general ap- 
proach || we finally come to the Korteweg - deVries 
equation with a well-known one soliton solution: 
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A -C 1 is an amplitude of weakly nonlinear wave; A is a 
soliton width 
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and v is a propagation velocity of the kink-soliton coin- 
ciding with the velocity of linear Goldstone mode v = 
n°V8/3p_B (see e.g. Ref. pi). 

As it is seen from Eqs. (|?]) and (||) this localized object 
has a kink like form in pseudospin xy plane while it is an 
ordinary moving soliton considering the z component in 
the pseudospin space. From the same expressions we also 



see that in fully balanced case rP z — > the kink-soliton so- 
lution disappears - its localization width A and excitation 
amplitude go to infinity and zero, respectively. Thus we 
can conclude that for balanced situation and nonzero dis- 
tance between the layers the linearized Goldstone mode 
is an exact solution even in the nonlinear limit while in 
unbalanced state n a z = v\ — v\ ^ only excitations in the 
system are Goldstone mode kink-solitons (see Fig. [l]). 

Considered kink-solitons are moving charged localiza- 
tions and therefore could be detected experimentally. In- 
deed, any perturbation of unbalanced double layer sys- 
tem will induce counter propagating inhomogeneous elec- 
tric current through the layers. We can also take into 
account the dissipation effects adding to the Landau- 
Lifshitz equation (||) a damping term. This will cause 
decreasing (in time) of amplitude of kink-soliton with its 
simultaneous widening like it happens in case of magne- 
tization solitons in magnetic thin films ||. 
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